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ABSTRACT 

Station reliability in the Manned Space Flight Net- 
work is considered in light of the potential l o s s  of coverage 
caused by a station failure during a Skylab mission. Station 
availability data was obtained from reports prepared by the 
Applied Physics Laboratory of the Johns Hopkins University 
for GSFC, and a brief description of their study is given. 
By applying this data to the results of a simulated Skylab 
mission, it was concluded that two critical stations, Hawaii 
and Santiago, could be expected not to be available when 
called upon to provide functional support during one or two 
revolutions in which they would be providing unique contact 
during the mission. 
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MEMORANDUM FOR FILE 

C o n s i d e r a t i o n  i s  b e i n g  g i v e n  t o  r e d u c i n g  t h e  number 
o f  s t a t i o n s  i n  t h e  Manned Space F l i g h t  Network ( M S F N )  f o r  sup- 
p o r t  o f  Skylab  m i s s i o n s .  I n  a p r i o r  s t u d y ,  J .  P .  Maloy (') has  
i n d i c a t e d  t h a t  t h e  number of s t a t i o n s  cou ld  be  reduced  from 
1 2  t o  9 o r  1 0  w i t h  l i t t l e  d e g r a d a t i o n  o f  network cove rage .  
However, t h e  omiss ion  of  two o r  t h r e e  si tes c o u l d  reduce  t h e  
amount o f  r edundan t  coverage ,  and would ex tend  c e r t a i n  p e r i o d s  
o f  no-coverage. T h i s  s i t u a t i o n  p l a c e s  a ' g r e a t e r  dependence on 
t h e  remain ing  s t a t i o n s  t o  p rov ide  t h e  r e q u i r e d  c o v e r a g e ,  and 
i n c r e a s e s  t h e  e f f e c t  of s t a t i o n  r e l i a b i l i t y  on t h e  o v e r - a l l  
communication sys tem performance. 

R e l i a b i l i t y  e s t i m a t e s  f o r  t h e  MSFN s t a t i o n s  have  been 
o b t a i n e d  from a r e c e n t  r e p o r t ( 2 )  by t h e  Applied P h y s i c s  Labora- 
t o r y  (APL) of t h e  Johns  Hopkins U n i v e r s i t y  p r e p a r e d  f o r  Goddard 
Space F l i g h t  Cen te r .  The APL r e p o r t  i s  t h e  f o u r t h  i n  a series 
devo ted  t o  t h e  a s s e s s m e n t  of t h e  o p e r a t i o n a l  r e l i a b i l i t y  of t h e  
M S F N .  While t h i s  r e p o r t  d e a l s  p r i m a r i l y  w i t h  t h e  r e l i a b i l i t y  
of t h e  network o f  s t a t i o n s  d u r i n g  a g i v e n  m i s s i o n ,  it a l s o  p r e -  
s e n t s  i n f o r m a t i o n  on s t a t i o n s  a c c o r d i n g  t o  t h e i r  c a t e g o r y :  
s i n g l e  channe l  s t a t i o n ,  d u a l  channe l  s t a t i o n  and t h e  prime- 
plus-wing s t a t i o n .  

The r e l i a b i l i t y  estimates make u s e  of a cumula t ive  
data  b a s e  t h a t  e x t e n d s  from m i s s i o n s  AS-205 (Apollo 7 )  t o  
A S - 5 0 8  (Apol lo  1 3 ) .  The d a t a  base c o n s i s t s  of  " r e d "  (no go)  
and  "green"  (go)  S t a t i o n  S t a t u s  Repor ts  as s u b m i t t e d  t o  t h e  
Network Opera t ions  Manager. A r e d  r e p o r t  i s  f u r t h e r  q u a l i f i e d  
t o  i n d i c a t e  whether  t h e  s t a t i o n  can s u p p o r t  w i t h  impa i red  b u t  
s a t i s f a c t o r y  performance,  or  th rough  t h e  use  o f  s u b s t i t u t e  
equipment .  A "red-can support ' '  r e p o r t  would n o t  b e  c o n s i d e r e d  
a f a i l u r e  fo r  t h e  purposes  of  computing a s t a t i o n  f a i l u r e ,  b u t  
would o b v i o u s l y  be a f a i l u r e  a t  t h e  equipment l eve l .  
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Station reliability is measured in terms of four major 
mission support functions, rather than equipment operation: 

I Tracking and Navigation 

I1 Voice Communications 

I11 Monitoring of Systems 

IV Uplink Data and Commands 

Each of these functions is composed of several sub-functions, all 
of which must be "green" or "can support" in order for the major 
function to be considered green or supportable. A computer-based 
reliability model is used to translate an equipment failure into 
sub-function and function failures. Since an individual equip- 
ment can contribute to two or more mission support functions, it 
is possible for a single equipment failure to result in the loss 
of more than one support function. Alternatively, simultaneous 
equipment failures could result in the loss of only one function 
if the equipments were used for supporting only that function. 

Two major statistics were computed by APL as measures 
of functional reliability: (1) availability and (2) mean-time- 
between-failures (MTBF). The MTBF is computed by dividing the 
operating time (as measured in mission-support-function hours) 
by the number of failures experienced at the function level. 
Availability is estimated as the ratio of operating time to total 
mission time. As examples, an availability of 0.9 can be taken 
to mean that the station was capable of performing a given func- 
tion 90% of the time. Similarly, an MTBF of 200 hours means that 
on the average the station experiences an interruption of the 
function every 200 hours. It has been assumed for the purpose 
of computing operating time, that all equipment is operating for 
the duration of a mission unless it is explicitly reported down 
or not in use. 

Using the cumulative data bases from AS-205 through 
AS-507, APL has made reliability predictions for AS-508, and has 
compared them with the observed reliability. The cumulative 
availability and MTBF for a station category is computed after 
each mission, based upon all observations available. These com- 
putations are then used as the best estimate of the performance 
expected during the next mission. Tables 1A through lD, taken 
from the APL report, summarize the predicted and observed avail- 
ability and MTBF for the average station, the single channel 
station, the dual channel station and the prime-plus-wing station. 
Table 2 from the APL report lists the MSFN stations providing 
data for the report, and their classifications. 
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Although t h e s e  t a b l e s  may prove  u s e f u l  i n  a s s e s s i n g  a 
s t a t i o n ' s  s u p p o r t  c a p a b i l i t i e s ,  t h e  p r e d i c t i o n  o f  t h e  r e l i a b i l i t y  
o f  t h e  e n t i r e  network becomes v e r y  complex because  a s t a t i o n .  
s u p p o r t s  t h e  s p a c e c r a f t  f o r  on ly  a s m a l l  p e r c e n t a g e  o f  i t s  t o t a l  
o p e r a t i n g  t i m e .  T h e r e f o r e ,  every  s t a t i o n  f u n c t i o n a l  f a i l u r e  w i l l  
n o t  n e c e s s a r i l y  r e s u l t  i n  a network f u n c t i o n a l  f a i l u r e .  T h i s  i s  
f u r t h e r  compl i ca t ed  by redundant  coverage  a t  v a r i o u s  t i m e s ,  and 
p e r i o d s  o f  no coverage a t  all. I n  e s t i m a t i n g  network r e l i a b i l i t y ,  
APL t a k e s  t h e s e  f a c t o r s  i n t o  account  i n  t h e i r  computer model,  
which i s  r e v i s e d  f o r  each  m i s s i o n .  A d d i t i o n a l  c o n s i d e r a t i o n s  n o t  
i n c l u d e d  i n  t h e  APL s t u d y  i s  t h e  r e l i a b i l i t y  of  t h e  NASCOM n e t -  
work i n c l u d i n g  c i r c u i t s  and s w i t c h i n g  c e n t e r s .  A r e l i a b i l i t y  
performance a n a l y s i s  of  t h e  c i r c u i t s  and t h e  Univac 4 9 4  s w i t c h i n g  

b u t  no o v e r a l l  f i g u r e  o f  m e r i t  i s  computed f o r  t h e  communication 
f u n c t i o n  between a g iven  s t a t i o n  and t h e  Miss ion  C o n t r o l  C e n t e r .  

computer a t  Goddard Space F l i g h t  Center  i s  p u b l i s h e d  month ly ,  ( 3 )  

Data from M r .  Maloy's Skylab  coverage  s t u d y  i n d i c a t e s  
t h a t  f o r  a 56-day (808  r e v o l u t i o n s )  m i s s i o n  a t  235 n a u t i c a l  m i l e s  
a l t i t u d e  and a n  o r b i t a l  p l a n e  i n c l i n a t i o n  of 50°, t h e r e  w i l l  b e  
t h i r t e e n  r e v o l u t i o n s  i n  which t h e r e  i s  o n l y  one c o n t a c t  o f  a t  
l ea s t  t h r e e  minutes  between t h e  s p a c e c r a f t  and a ground s t a t i o n .  
I n  each  case, t h e  c o n t a c t  would be made by t h e  proposed S a n t i a g o  
s i te .  I n  a d d i t i o n ,  t h e r e  would be 90 r e v o l u t i o n s  w i t h  o n l y  one 
c o n t a c t  of a t  l eas t  s i x  minutes ,  and s i x t e e n  r e v o l u t i o n s  i n  which 
t h e r e  would b e  no c o n t a c t s  of a t  l e a s t  s i x  m i n u t e s .  F i f t y - s i x  
of t h e  unique  c o n t a c t  t i m e s  would be  p rov ided  by H a w a i i ,  w h i l e  
t h i r t y - s i x  would be p rov ided  by S a n t i a g o .  T h i s  c o n t a c t  da t a  w a s  
found t o  be t r u e  f o r  b o t h  t h e  t w e l v e - s t a t i o n  ne twork ,  and t h e  
n i n e - s t a t i o n  network. A s ix-minute  c o n t a c t  i s  r e q u i r e d  t o  dump 
data  from t h e  Skylab  t a p e  r e c o r d e r ,  w h i l e  a c o n t a c t  t i m e  o f  a t  
l ea s t  t h r e e  minu tes  i s  cons ide red  a r e a s o n a b l e  r equ i r emen t  f o r  
voice communication and c o l l e c t i o n  of real-time t e l e m e t r y  d a t a .  

The above f i g u r e s  are i n  agreement w i t h  M r .  Maloy ' s  
c o n c l u s i o n  on t h e  impor tance  of H a w a i i  and S a n t i a g o  i s  p r o v i d i n g  
a d e q u a t e  coverage .  H a w a i i  i s  a d u a l  channel  s t a t i o n ,  and it is  
assumed t h a t  t h e  proposed s t a t i o n  a t  S a n t i a g o  o r  an  a l t e r n a t e  
l o c a t i o n  w i l l  a lso be  a d u a l  channel  one.  The p r e d i c t e d  func -  
t i o n a l  a v a i l a b i l i t y  f o r  t h i s  t ype  of s i t e  i s  99.6% f o r  t r a c k i n g  
and n a v i g a t i o n  ( I )  , 9 9 . 2 %  f o r  v o i c e  communications (11) , 9 7 . 6 %  
for  m o n i t o r i n g  of  sys tems ( I I I ) ,  and 98.1% f o r  u p l i n k  d a t a  and 
commands ( I V )  . I t  can be  concluded t h a t  on t h e  average, for  re- 
p e a t e d  56-day m i s s i o n s ,  t h a t  e i t h e r  H a w a i i  o r  S a n t i a g o  would n o t  
be avai lable  when c a l l e d  upon t o  s u p p o r t  f u n c t i o n s  I and I1 on 
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approx ima te ly  one r e v o l u t i o n ,  and f u n c t i o n s  I11 and I V  on approx i -  
ma te ly  two r e v o l u t i o n s  d u r i n g  t h e  9 0  r e v o l u t i o n s  when t h e y  p r o v i d e  
unique  coverage f o r  a t  l e a s t  s i x  minu tes .  The number of t i m e s  
t h a t  f u n c t i o n a l  s u p p o r t  would n o t  be available on r e v o l u t i o n s  w i t h  
a s i n g l e  c o n t a c t  of a t  l e a s t  t h r e e  minu tes  would be much less,  
s i n c e  t h e r e  are o n l y  t h i r t e e n  such  r e v o l u t i o n s  i n  a 56-day m i s s i o n .  

2 0 3 4 -BFO-p j r B. F. O 'Br ien  
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Code Name(s) 

- 

M I L  

BDA 

C Y 1  

ACN 

MAD, MADX 

CRO 

HSK, HKSX 

GWM 

HAW 

GDS, GDSX 

GYM 

TEX 

T A B U  2 

MSFN STATIONS PROVIDING DATA FOR THIS REPORT 

Number 

2 

6 

8 

9 

10  

13 

15 

1 6  

17 

19 

20 

2 2  

Loca t i o n  

Merr it t Is l and  

Bermuda 

Canary Is l and  

Ascens i o d  Is land 

Madrid 

Carnarvon 

Canberra 

Guam 

Hawaii 

Golds t o n e  

Guaynas 

Texas 

C l a s s i f i c a t i o n  
-- - - 

Dual , 30-Foot 

S i n g l e  , 30-Foot 

S i n g l e  , 30-Foot 

Dual , 30-FOOt 

Dual + Wing, 85-Foot 

Dual , 30-FOOt 

Dual + Wing, 85-Foot 

Dual , 30-Foot 

Dual , 30-Foot 

Dual + Wing, 85-Foot 

Sing1.e , 30-Foot 

S i n g l e  , 30-Foot 


